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ABSTRACT 
Stream health monitoring of Irondequoit Creek was begun as part of a Remedial 
Action Plan (RAP) for the Rochester Embayment. The New York State Department of 
EnvironmentaJ Conservation (NYSDEC) assesses wadeable ti ffles by kick sampling four, 
5-m transects for five min each. A 100-organism subsample of each transect is analyzed 
to determine stream health. Within the biomonitoring community, there is debate 
regarding appropriate areal (spatial) and numerical subsampling methods as they relate to 
biomonitoring. A pilot study incLicated that reduced areal sampling provided comparable 
assessments to a larger area assessed in an earlier study conducted at the same location i n  
the same month. I found that 10-20% sampling effo1t did not provide equivalent 
assessments and that 80-90% sampling eff01t provided virtually indentical assessments to 
100% sampling effort. Depending on the biotic index (Taxonomic Richness; 
Ephemeroptera, Plecoptera and Trichoptera; Hilsenhoff Biotic Index and Percent Model 
Affinity), 30-60% sampling effo1t gave assessment results equal to 100% sampling effort. 
Overall, 50% sampling effort gave stream health assessments equivalent to 100% 
sampling effort, and reduced sampling time. 
r ; -. 
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Water quality monitoring in New York State began in 1972 in response to the Federal 
Water Pollution Control Act Amendments of 1972. Monitoring was initiated to determine 
the "relative biological health of (New York) streams and rivers" (Bode et al. 1 996). New 
York State assessment techniques measure properties of benthic macroinvertebrate 
communities in four habitats: rocky- and sandy- bottom streams, midwater and soft 
sediments . 
Benthic macroinvertebrates are good biomonitoring organisms for several reasons .  
Most streams and lakes have invertebrate communities that are relatively easy to sample. 
Benthic macroinvertebrates are sensitive to environmental impacts, and most benthic 
macroinvertebrates are relatively immobile and unable to avoid exposure, allowing 
researchers to make in situ estimates of water quality. Finally, samples can be stored and 
used for comparisons over time (Bode et al. 1996). 
My study investigated a modification of the traveling kick sample, a widely used and 
effective collection method for benthic macroinvertebrates (Merritt and Cummins 1 996, 
Bode et al. 1996). The New York State Department of Environmental Conservation (DEC) 
Stream Biomonitoring Unit uses the traveling kick method and 100 organism subsamples for 
rapid bioassessment in riffle habitats (Bode et al. 1 996). 
I chose this study because, although the current method is relatively quick, a number 
of authors (e.g., Courtenmanch 1996, Barbour and Gerritsen 1996, Vinson and Hawkins 
1996, Cao et al. 1 998, Larsen and Herlihy 1998, Somers et al. 1998) have addressed the issue 
of fixed count, or numeric, subsampling as it relates to bioassessment. Currently, 
recommendations about the appropriate number of organisms range from 100 (Bode et al. 
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1990) to 500 (Larsen and Herlihy 1998), though no consensus has been reached. New York 
State rapid bioassessment protocols call for 100 organism fixed counts from each of four, 5-
m transects in riffle habitats. Bailey-Billhardt (2002) showed that 100-count subsamples 
provide steam health assessments equivalent to whole samples . A further question is whether 
spatial or areal subsampling is a good alternative to sampling whole transects (Bartsch et al. 
1998, Larsen and Herlihy 1998) . I examined a modification to New York State's traveling 
kick sampling method to determine if reduced areal sampling would provide reliable 
estimates of community measures without sacrificing information or unduly lengthening 
sample processing time. 
Existing methodology involves placing a 5-m transect diagonally across a streambed 
and disturbing the substrate by kicking. The 5-m distance is traveled in 5 min, kicking the 
entire time. Organisms are collected in a dip net held at arms' length downstream from the 
feet of the individual collecting the sample (Bode et al� 1 996).  Bode et al . (1990) suggested 
no difference in impact assessments between 2- and 5-min sampling intensities, but more 
recent publications (Bode et al. 199 1 ,  Bode et al. 1 996) suggest that 5 min, not 2 min, is the 
more effective sampling intensity. 
My modified method divided the standard 5-m transect across a stream into 10, 0 .5-
m sections. Sample time for each section was 30 seconds, totaling 5 min for all 10  sections 
in each transect. I collected a pilot transect on April 7,  1 999 and 2 transects each on May 7 
and 14, 2000 in Irondequoit Creek at Powder Mill Park, Rochester, NY (Figure 1 ) .  
I conducted a pilot study to ascertain whether the modification produced similar 
results to whole transect sampling, and, if so, what reduction in sample size (i .e., less 
sampling time and effort) provided results statistically indistinguishable from the standard 
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method in terms of biotic index values and water quality assessment. I used taxonomic 
richness (TR), Ephemeroptera, Plecoptera and Trichoptera (EPT) richness, Hilsenhoff Biotic 
Index (HBI), and Percent Model Affinity (PMA), as they are calculated by Bode et al. 
( 1996), to evaluate benthic macroinvertebrate community health. 
Biotic Indices Examined 
Taxonomic Richness (TR) 
This is a measure of the total number of taxa found in a sample and it i s  an estimate 
of diversity. For example, my pilot transect had 3 1  taxa (Table 4). Higher values are 
generally associated with clean water conditions (Bode et al. 1996, Plafkin et al . 1989 and 
Washington 1984).  Ideally, TR should go to the species level . While this is rarely possible 
for benthic macroinvertebrates, with confirmation assistance from George Cook (Rochester, 
NY; Cook 1998). Chironomid taxa were identified to the lowest level possible. 
Ephemeroptera, Plecoptera and Trichoptera (EPT) 
This is a measure of the number of Ephemeropteran (mayflies), Plecopteran 
(stoneflies), and Trichopteran (caddisflies) taxa found in a sample (Bode et al. 1 996). For 
example, my pilot transect had 13 EPT taxa (Table 4 ) .  These organisms are considered to 
have low pollution tolerance (Merritt and Cummins 1996) , and their presence suggests c lean 
water. 
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Hilsenhoff Biotic Index (RBI) 
The Hilsenhoff (1987) Biotic Index, or HBI, was designed to estimate stream health 
based on a 100-organism subsample. HBI values are calculated by multiplying the number 
of individuals in each taxonomic group (family, genus or species) by a water quality value 
(WQV). The products of each calculation (#in taxon * WQV) are summed. The sum i s  
divided by  the total number of individuals in  the sample. For example, the HBI for my pilot 
transect was 5.52 (Table 4). The result (0 - 10) is a weighted average assessment where high 
values indicate organic (sewage) pollution, and low values indicate clean water conditions. 
Details and water quality values are found in Bode et al. ( 1996) . 
Some workers have used family level identifications as a compromise between speed 
and accuracy of water quality evaluations (Lenat and Barbour 1994, Washington 1984) . 
However, in order to provide a more accurate description of the macroinvertebrate 
community, I identified organisms to the genus level , except for chironomids, which have a 
wide range of pollution tolerances and were identified to species whenever possible. 
Percent Model Affinity (PMA) 
Designed by Novak and Bode (1992), this community measure compares samples to 
a reference condition. The reference condition for New York State is based on 20 streams 
classified as nearly pristine (Bode et al. 1990) . The reference condition was determined in a 
manner similar to that described by Patrick ( 1949, in Novak and Bode 1992) . The more 
similar a stream is to the reference condition, the less impacted that stream is considered to 
be. Novak and Bode ( 1992) suggested that this index is best used in conjunction with other 
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indices such as the Hilsenhoff Biotic Index (HBI) ,  Ephemeroptera, Plecoptera, and 
Trichoptera richness (EPT), and Taxonomic richness (TR). 
PMA is calculated by comparing percent abundance of seven taxa potentially in the 
sample to that of the reference condition (Bode et al . 1 996). The lesser abundance value for 
each taxon is summed and the resulting number is the percent model affinity. 
For example, the PMA for section Al of my pilot study was calculated as follows: 
Taxonomic Group % in Model % in Sample Lesser Value 
Ephemeroptera 40 22 22 
Plecoptera 5 1 5  5 
Trichoptera 10  3 3 
Coleoptera 10  10 10  
Chironomidae 20 5 5 
Oligochaeta 5 40 5 
Other 10  5 5 
Total 100 100 55% 
The calculated PMA value for this sample is 55% similar to the New York State 
model stream. According to Bode et al. (1996), this level of similarity indicates a "slight" 
impact. For the entire pilot transect, the PMA was 73 .80% (Table 4). 
New York State impact assessment is made on a 0- 10  scale for which high values 
indicate clean water conditions.  Raw Hilsenhoff Biotic Index (HBI) values are on a 0- 1 0  
scale where low values indicate cleaner water conditions, which requires conversion o f  HBI 
values to a second 0- 10  scale where high values suggest clean water conditions .  Values for 
all indices are converted from their original form by formulae (Appendix F) obtained by 
Bailey-Billhardt (2002) from R. Bode (NYSDEC, Stream Biomonitoring Unit, Albany, NY, 
personal communication) . The average of the four converted index values gives the overall 




The primary objective of my study was to determine whether a modification to the 
standard traveling kick sample technique (Bode et al. 1 996) could reduce sampling time and 
effort without a significant loss of information from four indices (TR, EPT, HBI and PMA). 
My secondary objective was to compare impact assessments using whole-transect 
data collected in April 1 997 (Bailey-Billhardt 2002) with my April 1 999 pilot transect data. 
The two data sets were collected using 2- and 5-min sampling intensities, respectively. 
Study Area 
The reach of Irondequoit Creek I studied is located in Monroe County, NY. 
Irondequoit Creek tributaries originate in Monroe and Ontario Counties (Bailey-Billhardt 
2002) (Figure 1 ). Land use from the headwaters of Irondequoit Creek to Irondequoit B ay 
ranges from agricultural to residential and commercial. Historically, raw sewage was 
discharged into the creek (Johnston and Sutton 1 998, in Bailey-Billhardt 2002). Currently, 
sediment and nonpoint-source pollution continue to cause concern (Sutton 1998, in B ailey­
Billhardt 2002). 
I selected this study area because of its accessibility and the presence of wadeable 
riffle areas, and because data from a previous sampling effort was available for comparative 
purposes (Bailey-Billhardt 2002) . 
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Methods 
Macroinvertebrate Sampling and Processing 
Modified samples were collected at the same stream reach for both the pilot (April 7, 
1999, N=l) and primary (May 7, 2000, N=2 and May 14, 2000, N=2) studies . A 5-m 
transect was divided into 10, 0.5-m sections. The substrate in each 0.5-m section was 
disturbed, by kicking, for 30 seconds, then the sample was taken to shore for processing .  
Organisms were collected in a 23 cm x 23 cm dip net, mesh size 0.8 mm X 0.9 mm, held at 
arm's length downstream. A standard traveling kick sample is collected continuously for 5-
min across a 5-m distance (Bode et al. 1996). The difference between the standard method 
and my modification was the division of the 5 m into 0 .5-m sections each of which was 
sampled independently for 30 sec. 
Each 0 .5-m section was assigned an alphanumeric identifier based on transect and 
section of the transect. For example, the first section collected from the pilot transect was 
coded Al; A designated the first transect, 1 denoted the first section of the transect. 
In the field, samples were placed in a white enamel sorting tray, where all specimens 
were picked out and transferred to jars . Nets were rinsed with creek water, and remaining 
individuals removed by hand. In the field, samples were narcotized with cold, carbonated 
water to minimize damage to organisms (Resh et al. 1996) . In the lab, samples were 
transferred to 70% ethanol. After 24 hours in 70% ethanol, samples were rinsed and placed 
in Rose-Bengal -: 70% ethanol solution for a minimum of 7 days, then identified to lowest 
taxonomic level possible. 
I examined all individuals in all sampled sections (N=50) . Taxonomic lists for each 
transect (A-E) and number of organisms collected in each transect are listed in each appendix 
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(A-E) . If a given taxon was not present at one transect, but was found at another, it was 
listed in all appendices . 
Chironomid head capsules were mounted according to the methods in Beckett and 
Lewis ( 1982) . Head capsules were removed using forceps and a dissecting probe. Each head 
capsule was oriented ventral side up and placed in one drop of CMCP-9 resin on a glass 
slide. Pressure applied to the cover slip exposed the mandibles and other anatomical features 
used for identification. Identifications were made by George Cook ( 1998, MS SUNY 
College at Brockport, Rochester, NY) using dichotomous keys by Peckarsky et al. (1990), 
Pennak ( 1989), Simpson and Bode ( 1980), and Merritt and Cummins (1996) . 
Experimental Design and Statistical Analysis 
Pilot Study 
To analyze pilot study data (Transect A), I used a computer to randomly draw 
different numbers of samples from the 10, 0 .5-m sections collected along the transect. For 
example, "treatment 3 "  consisted of randomly drawing 3 sections without replacement from 
the 10 total. The organisms found in those three sections were combined and index values 
calculated. Overall, there were nine treatments ( 1 ,2,3 . . .  9), with six randomly drawn 
replicates of each, plus the whole transect data set (hereafter referred to as "treatment 1 0"). 
Each replicate for all treatments was drawn from the 10 fotal sections, without replacement. 
In all cases, mean values of the replicates for each treatment were used for statistical 
analysis, except for treatment 10 (whole transect), where no replication was possible and thus 
the actual index values were used. 
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Because I had no replicates of treatment 1 0, I used 95% CI comparison in lieu of 
formal statistical analysis to compare means of treatments 1 -9 in the pilot study. Confidence 
intervals were calculated using the t-distribution to account for small sample size (Zar 1 999). 
I compared my pilot transect data ( 10, 0 .5-m sections, 5 min total sampling time per 
10  sections) to data reported by Bailey-Billhardt (2002) (5, 5-m transects, 2 min total 
sampling time per transect) . Each index value (TR, EPT, HBI and PMA) for Bailey­
Billhardt's (2002) transects and my pilot transect were compared individually and as 
aggregates to determine if our calculated indices gave similar estimates of stream health. 
Our data was collected in April 1 999 and April 1 997Bailey-Billhardt (2002) .  
I did not compare my primary study data to  Bailey-Billhardt's (2002) data because 
samples were collected in different months . Figure 4 in Bode et al. ( 1990) illustrated the 
variability in monthly index scores over a one-year period. Although winter months showed 
no significant change, the spring months showed considerable variation in water quality 
predicted by different indices . This variation lead Bode et al. ( 1990) to conclude that across­
month comparisons of index values may not be valid. 
Primary Study 
The primary study, involving transects B -E, used the same methods as the pilot study. 
Based on the results of the pilot study, 10 replicates of treatments 3, 4, 5, 6 and 7 from 
transects B-E were analyzed. Treatment 10 had 4 replicates (complete transects), which  were 
the actual index values for the full data set from each of transects B, C, D and E. 
Before statistical analyses were conducted, I used MiniTab© to test my data for 
normality and equality of variance to determine if they met the assumptions of ANOVA. I 
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found that TR and PMA data met these assumptions, while the EPT and HBI data did not. 
Transformations made neither EPT or HBI normal, they were therefore analyzed using the 
Kruskal-Wallis test. 
Additionally, data for PMA and HBI were arcsine square root transformed before 
comparison, because they are proportional data and form a binomial distribution. The 
arcsine square root transformation on such data results in a nearly normal distribution (Zar 
1 999) . 
I tested the null hypothesis that there were no significant differences in index values 
calculated using 3, 4, 5, 6, 7 randomly drawn sections and 10 (whole transect) values . When 
significant differences in means were detected by ANOVA, I used Tukey tests to determine 
where differences among treatments occurred. When significant differences in medians were 
detected by Kruskal-Wallis tests, I used Dunn's test to identify where differences among 
treatments occurred (Zar 1 999) . 
Results 
Physical Habitat Characteristics 
Physical characteristics of the five transects (A-E) where quite similar (Table 1 ) . 
Comparison of my pilot transect (A) to Bailey-Billhardt's (2002) indicated the two habitats 
were comparable in terms of particle size and percent canopy cover (Table 2) . 
Pilot Study 
The pilot transect had 93 1 individuals from 3 1  genera (Appendix A). The mean 
number of taxa (TR) increased rapidly as the number of randomly drawn sections (RDS)  
increased. The rate of  species accumulation was high from 1 through 4 RDS (treatments 1 -
10  
4), low from 4 to 7 RDS,  jumped from 7 to 8 RDS , and increased slowly from 8 to 10  RDS 
(Figure 2, Table 3). Water quality estimates were "severe" to "moderate" for treatments 1 -3, 
"slight" for treatments 4-7 and 'none" for treatments 8- 1 0  (Table 3; Bode et al. 1996) . 
The mean number of EPT taxa collected followed the same general trend found in 
TR; a rapid increase in �umber of EPT taxa collected as the number of RDS increased from 1 
to 4, followed by nearly equal numbers of EPT collected from 4 to 7 RDS .  Another jump 
from 7 to 8 RDS was evident. The mean number of EPT taxa collected with 8, 9 and 1 0  
randomly drawn sections were very similar (Figure 3 ,  Table 3) .  Water quality impact 
estimates were "slight" for treatments 2-6 and "none" for treatments 7- 10 (Table 3; Bode et 
al. 1 996) . 
All treatments had similar mean HBI values (Figure 4, Table 3) but confidence 
intervals narrowed considerably from 2 to 3 RDS and again from 7 to 8 RDS (Figure 4). 
Beyond 2 RDS, mean PMA values were similar (Figure 5 ,  Table 3). Confidence intervals 
narrowed markedly from 3 to 4 RDS and again from 7 to 8 randomly drawn sections. Except 
for the converted HBI score of treatment 10 (7 .48 where � 7 .50 would have indicated no 
impact) , water quality impact estimates for HBI and PMA were "none" beyond treatment 1 
(Table 3) .  
Primary Study 
Transect B had 2,593 individuals from 42 taxa (Appendix B) ,  transect C had 2,848 
individuals from 35 taxa (Appendix C), transect D had 4,696 individuals from 39 taxa 
(Appendix D) and transect E had 6,361 individuals from 42 taxa (Appendix E). The mean 
1 1  
number of taxa across the five treatments (3 to 7 RDS) ranged from 28 (3 RDS)  to 36 (7 
RDS) (Figure 6). 
As in the pilot study, taxonomic richness increased as the number of RDS increased 
(Figure 6), and there were significant differences (df=5, F=29.48, p�0.000 1 )  in TR among 
treatment means. Three RDS had fewer taxa (N=28) than all other treatments . Four (N=3 1 )  
and 5 (N=33) RDS had indistinguishable TR and 4 RDS had lower TR than 6 (N=34), 7 
(N=36) and 10 (N=40) RDS .  Five RDS were not different from 6 RDS, but had lower TR 
than 7 and 10  RDS .  Six, 7 and 10 RDS were not different from each other (Figure 6) . 
The mean number of EPT taxa also increased, but in a less dramatic way from 7- 10  
taxa for treatments 3-7 (Figure 7 ;  df=5, H=18. 50, p=0.003) .  Three RDS had fewer EPT taxa 
(N=7) than 6 (N=9), 7 (N=9) and 10  (N=lO) RDS .  No other differences were found. 
Mean HBI values ranged from 3 .99 (6 RDS) to 4.05 (3 and 5 RDS) (Figure 8), and no 
significant differences (df=5, H=0.59, p= 0.7 1 0) were found. Mean PMA values ranged 
from 80.4 (3 RDS) to 8 1 .4 (6 RDS) (Figure 9), and, again no significant differences were 
found (df=5, F=0.97, p=0.436). 
Discussion 
Pilot Study 
The pilot study indicated that TR and EPT, both indices of taxa richness, were 
sensitive to the number of randomly drawn sections (Table 3, Figures 2 and 3 ), whereas the 
HBI and PMA indices were not (Table 3, Figures 4 and 5) .  The number of taxa collected 
(TR and EPT) increased rapidly from 1 to 4 RDS and leveled from 4 to 7 RDS, which 
suggested that, at a minimum, 4 randomly drawn sections are needed to collect the most 
1 2  
common taxa along a transect, and to account for much of the patchy distribution of benthic 
macroinvertebrates in stream habitats . The stability of TR and EPT from 8 to 1 0  randomly 
drawn sections suggests that most microhabitats and rare taxa are sampled with a minimum 
of 8 randomly drawn sections. 
Index values and 95% CI for both HBI and PMA stabilized after 3 RDS had been 
collected (Table 3, Figures 4 and 5). This is probably because both indices are based more 
on the abundance of common taxa than the existence of rare taxa. For the HBI, water quality 
values are multiplied by the number of individuals in each taxon, so abundant taxa contribute 
more to the final HBI value than rare taxa. Percent model affinity is based on the relative 
abundance of seven common groups of taxa. In both indices, the influence of rare taxa on 
final index values is limited. The influence of rare taxa on bioassessment was examined by 
Cao et al. ( 1998) . They found that elimination of taxa (rarefaction) from analysis led to a 
diminished capacity to differentiate a control site from a sewage outflow. 
Consideration of Figures 2, 3, 4 and 5 led me to the conclude that from 3 to 7 
randomly drawn sections provide acceptable reductions in sampling effort (area sampled) 
and intensity (time spent sampling), while maintaining the validity of the information 
gathered. I came to this conclusion because index values for sample sizes of 1 and 2 
randomly drawn sections were more variable than 3 to 7 randomly drawn sections. 
Additionally, sample sizes of 8 and 9 randomly drawn sections consistently approached 
whole transect values, and generally were not significantly different from 5 to 7 randomly 
drawn sections .  As such, 1 ,  2, 8 and 9 randomly drawn sections were not considered in the 
primary study. 
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Comparison of Previous Assessment to Pilot Study 
Bailey-Billhardt (2002) reported an impact assessment of "slight" for the study site 
(Figure 1 )  on Irondequoit Creek, based on data collected in April 1 997. She sampled 
according to Bode et al. ( 1990), using the standard traveling kick method for 2 min along 
five transects . I compared her April 1 997 "standard" assessment to my April 1 999 pilot 
assessment. My pilot transect produced an overall impact assessment of "none" as did one of 
her five transects (Table 3). 
Bailey-Billhardt's (2002) and my transects are discussed below in terms of raw and 
converted values (Table 4 ). 
When I compared my pilot transect to Bailey-Billhardt's (2002) transects, I found 
similar TR and EPT values (Figures 10  and 1 1 ), although my EPT value approached the 
upper bound of her 95% CI (Figure 4 ). In terms of the water quality impacts on the benthic 
macroinvertebrate community, the only difference between the two data sets was an 
assessment of "slight" impact for Bailey-Billhardt's (2002) mean EPT value, whereas my 
pilot transect assessed the EPT impact as "none" (Table 4). 
HBI values for my pilot transect fell on the lower bound, the 95% CI for Bailey­
Billhardt's (2002) mean HBI value (Figure 12) .  Although the two data sets assessed the 
impact as "slight", Bailey-Billhardt's converted mean HBI value of "slight" (5 .54) 
approached the "moderately" impacted category, whereas·my converted pilot transect HBI 
value (7.48) approached the low value for an assessment of"none" (Table 4). The difference 
observed between the two data sets is not explained by differences in TR or EPT. On 
average, Bailey-Billhardt's (2002) TR was 29.8 and her EPT was 9 .8, whereas my pilot 
transect TR was 3 1  and EPT was 1 3  (Table 4 ). Because the HBI accounts for both diversity 
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and abundance, it seems likely that my pilot transect collected relatively more individuals 
with higher water quality values, or Irondequoit Creek water quality improved from 1 997 to 
1 999. 
Percent model affinity values for my pilot transect were much higher than Bailey­
Billhardt's (2002) mean and 95% CI for the same index (Figure 1 3) .  In this case, high raw 
and converted PMA values indicate cleaner water conditions .  In the New York State 
reference model, Ephemeroptera make up 40% of a model stream. Bailey-Billhardt's (2002) 
EPT richness was lower than my pilot transect (Figure 1 1 ), therefore the relative abundance 
of Ephemeropteran taxa in the PMA would also be reduced and thus reduce the model 
affinity of Bailey-Billhardt' s (2002) transects . 
The difference between Bailey-Billhardt's (2002) and my overall impact assessments 
is clearly illustrated in Figure 14. Examination of the mean values for each index suggests 
that the greatest contribution to the different overall assessments is likely due to differences 
in HBI and PMA values (Table 4, Figure 10- 1 3) .  Bailey-Billhardt's (2002) raw and 
converted HI and PMA values indicate considerably lower water quality than my pilot 
transect. Because New York State assessment is the mean of the four indices, Bailey­
Billhardt's (2002) lower PMA and HBI values effectively lowered the overall mean and 
raised the impact assessment from "none" (mine) to "slight." 
A number of factors may have influenced the differences in stream health 
assessments for the reach of Irondequoit Creek Bailey-Billhardt (2002) and I studied: 
1 .  Bode et al. ( 1 996) base assessments on 4 transects, but Bailey-Billhardt (2002) 
collected 5 transects. Calculation of assessments using the four 'best' 
assessments indicated that inclusion of the 5th transect did not change the overall 
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impact assessment reported by her. Therefore, the 5th transect is not likely a 
confounding factor. 
2. Comparison of Bailey-Billhardt's (2002) impact assessment to my pilot transect 
assessment suggests a difference in assessments based on 2- versus 5 -min 
sampling intensities (Figure 14, Table 4). In 1 990 Bode et al. suggested that 2-
and 5-min sampling intensities gave equivalent results, whereas in 1 996 they 
recommended only 5-min sampling intensities . 
3 .  Changes in  the substrate between 1997 and 1 999 may have redistributed 
microhabitats within this reach of Irondequoit Creek. Wright et al. ( 1985 and 
1986, in Moss 1998) indicate that macroinvertebrate communities were 
distinguishable by physical conditions such as particle size, slope of the bed and 
phosphate and nitrogen concentrations . High flow events are capable of moving 
substrate materials, which would redistribute microhabitats and benthic 
macroinvertebrate communities; however, there appear to be no differences in 
physical habitat parameters between my pilot and Bailey-Billhardt's (2002) 
transects (Table 2) . 
4. Water quality improved from April 1 997 to April 1999. This is supported by 
lower HBI and higher PMA values for my pilot transect (Table 3) .  Diversity 
would be expected to increase with higher water quality; however, taxonomic 
richness and EPT did not change much over the two year interval . The taxa 




Mean TR and EPT values increased steadily as the number of randomly drawn 
sections increased from 3 to 7 (Table 5, Figures 6 and 7). These increases in TR and EPT are 
logical in that one would expect higher richness in samples encompassing larger areas and 
more microhabitats. Examination of pairwise comparisons indicates that 3 ,  4, and 5 RDS did 
not collect as many taxa (TR) as the whole transect (Figure 6), while as few as 4 RDS 
collected as many EPT taxa as the whole transect (Figure 7) .  This suggests that 6 RDS are 
sufficient for a valid TR estimate and 4 RDS are sufficient for EPT estimates. 
As expected from the pilot study, all sample sizes (3-7 RDS) produced similar 
HBI and PMA values (Table 5, Figures 8 and 9).  Therefore, the number of samples required 
to give reliable TR and EPT assessments is suitable for HBI and PMA assessments. 
Conclusion 
�he similarity of TR and EPT values in my data set likely occured because EPT is a 
subset of TR. High TR values generally indicate clean water conditions, and EPT taxa are 
considered particularly indicative of clean water conditions. In short, these indices are 
correlated, and one would expect TR diversity to predict EPT diversity. 
Percent model affinity and HBI are measures that incorporate relative abundance of 
taxa into water quality assessments. Both indices account for all individuals, but in different 
ways. The HBI divides the product, water quality value * #in taxon, by the total number of 
individuals in the sample, effectively giving high abundance taxa the greatest weight in the 
1 7  
impact assessment. Percent model affinity measures impact by comparing percent 
composition of seven taxonomic groups within samples to a model stream. Both measures 
are based on the relationship between water quality and relative abundance of taxa. Highly 
impacted waters tend to have lower diversity, but higher abundance of low water quality 
value taxa, while non-impacted waters tend to have higher diversity and lower abundance 
high water quality value taxa. 
In my bioassessment, 3-6 randomly drawn 0.5-m sections (30 sec) from a 5-m (3 min) 
transect seem to provide, depending on the index, impact assessments similar to full transect 
assessments. As illustrated in Figures 6-9, the minimum number of RDS required to equal 
whole transect estimates of TR, EPT, HBI and PMA were 6, 4, 3 and 3, respectively. It 
seems, then, that 5 RDS is an appropriate sample size that balances time, cost and reliability. 
In this study, I did not numerically subsample; however, a further reduction in time 
and cost would be achieved by reducing the area sampled while also numerically 
subsampling. Larsen and Herlihy ( 1998) note that 500 organisms may provide better 
estimates of community measures, especially when conducting rapid bioassessments. B ode 
et al. ( 1996) indicate that 100 organisms should be collected when conducting rapid 
bioassessments in New York State. Bailey-Billhardt (2002) compared random and 
haphazard numeric subsampling ( 100 organisms) to whole transect counts. No differences in 
community health assessments were found, although before index values were converted, 
small statistical differences existed between whole and subsampled TR and EPT. Therefore, 
it appears that numerical subsampling of 100 organisms, combined with approximately half 
of the areal sampling effort, provides assessment values equivalent to whole-sample counts 
and whole-transect samples. 
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Experimental designs involving stream sampling must address two questions: 1 )  
What information is needed? and 2) What sampling effort must be made to minimize cost 
while maximizing return? Simply put, field ecologists and biologists often ask "At what 
I 
point is the next sample not worth taking . . .  ?" (Hayek and Buzas 1 997). Several studies in 
the 1 990s have addressed this question (Bartsch et al. 1998, Somers et al. 1 998 and Dixon 
and Garrett 1 993). There is also some debate regarding numeric subsampling, specifically as 
it pertains to reducing the time and cost of bioassessment while maintaining analytic value 
Larsen and Herlihy 1998) . 
My study was designed to determine if areal subsampling could reduce the time and 
cost of sampling benthic macroinvertebrates while retaining valuable information. I used a 
pilot study to help focus my primary study on a meaningful range of sample sizes. A number 
of authors (Bartsch et al. 1 998, Dixon and Garrett 1993, Merritt and Cummins 1 996) have 
discussed the importance of proper sample size in ecological studies . A common theme in 
this discussion is a call for researchers to conduct pilot studies to accurately determine 
appropriate sample size for wider studies . Pilot studies are useful because they allow 
researchers the opportunity to gather information on population means, distribution and 
density. This information may lead to a modification of experimental protocols (avoiding the 
cost of resampling later), as well as to accurately determine the minimum number of samples 
required for a given study. 
As so many researchers are quick to point out, the time and cost of sampling can be 
prohibitive. In light of this, determining minimum sample size prior to full-scale sampling 
would seem an obvious first step; however, as Dixon and Garrett ( 1993) point out, sample 
size is often a matter of tradition or something that is justified after sampling has been 
1 9  
completed. In light of limited resources, determination of optimal sample size by conducting 
a pilot study would seemingly save researchers money in the long run by reducing the 
potential for over- or undersampling. 
Bioassessment is based on a description of a given benthic macroinvertebrate 
community, and as such additional uses of my modified method could include initial 
assessment of unclassified streams as well as sampling for research. The reduced sample 
size would seem to be a valid alternative to whole transect sampling. The cost of long-term 
studies or monitoring could also be reduced using my method. 
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Table 1: Physical characteristics of each transect using Bode et al. (1996) descriptors . 
Canopy cover and substrate composition were made by visual estimate at the time 
samples were collected. 
Transect A B c D E 
Depth (m) 0.3 0.2 0.2 0.3 0.2 
Width (m) 8 9 10 14 12 
% Canopy Cover 85 95 75 90 80 
SUBSTRATE 
Rock (% Cover) 20 20 20 5 20 
Rubble (% Cover) 40 35 35 35 50 
Gravel (% Cover) 30 35 35 35 15 
Sand (% Cover) 5 5 5 10 10 
Silt (% Cover) 5 5 5 10 5 
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Table 2: Comparison of physical characteristics for pilot transect (A), primary 
transects (B-E) and Bailey-Billhardt (2002) transects (NBB) .  Habitats are comparable if 
the difference in particle size does not exceed 3 phi units and percent canopy cover does 
not exceed 50% (Bode et al. 1990). Bailey-Billhardt's (2002) particle size and percent 
canopy cover are given as averages for her 5 transects . 
Particle Size A B c D E 
RSR (phi) -4.675 -4.500 -4.500 -2.875 -4.775 
NBB (phi) -2.9 
Canopy 
Cover (%) 




Table 3: Mean taxonomic richness (TR), Ephemeroptera, Plecoptera and Trichoptera (EPT) Hilsenhoff Biotic Index (HBI) and 
Percent Model Affinity (PMA) values for pilot study sample sizes . The data represent 6 replicates of 1 - 9 randomly drawn, 0.5-m 
sections (RDS) and the aggregate transect total (10). 
RDS N TR EPT HBI PMA 
Raw Converted Impact1 Raw Converted Impact1 Raw Converted Impact1 Raw Converted Impact1 
1 6 10.2 2.12 Severe 4 3.98 Moderate 4.34 7.76 Slight 74.57 6.69 Slight 
2 6 13.7 3.58 Moderate 5 5.15 Slight 4.84 7.64 None 67.20 7.80 None 
3 6 18.2 4.90 Moderate 6 5.99 Slight 4.44 8.00 None 75.30 8.59 None 
4 6 21.3 5.98 Slight 8 6.89 Slight 4.57 7.99 None 73.60 8.42 None 
5 6 21.3 5.98 Slight 8 6.67 Slight 4.30 7.88 None 77.60 8.81 None 
6 6 23.5 6.62 Slight 9 7.12 Slight 5.05 7.93 None 71.60 8.23 None 
7 6 23.7 6.67 Slight 9 7.67 None 4.90 7.85 None 70.40 8.12 None 
8 6 28 8.06 None 11 8.50 None 4.48 7.86 None 74.10 8.47 None 
9 6 29 8.33 None 11 8.67 None 4.62 7.94 None 72.60 8.33 None 
10 1 31 8.89 None 13 9.00 None 5.52 7.48 Slight 73.80 8.44 None 






7.5 -10 None 
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Table 4: Bode et al. (1996) water quality assessment scale and assessment of Bailey-Billhardt (2002) and my pilot study transect. 
Data reported in Bailey-Billhardt's (2002) five transects are shown as NBB 1-5. Mean values for Bailey-Billhardt (2002) (NBB Mean) 
and the pilot transect are shown in the last two rows of the table. NYSDEC impact assessment is calculated by averaging the four 
indices (TR, HBI, PMA and EPT) after they have been converted by formulae (Bailey-Billhardt) . This conversion puts all index 
values on 0-10 scale where high scores indicate clean water conditions.  The mean score is compared to the assessment scale below 
(modified from Bode et al. (1996). 
Overall 
Transect TR EPT HBI PMA Score Impact1 
Raw Converted Impact1 Raw Converted Impact1 Raw Converted Impact1 Raw Converted Impact1 
NBB 1 38 10.00 None 14 9.50 None 5.99 5.64 Slight 48.83 4.89 Moderate 7.51 None 
NBB2 25 7.06 Slight 8 6.36 Slight 6.67 4.79 Moderate 45.12 4.29 Moderate 5.63 Slight 
NBB3 30 8.61 None 12 8.50 None 5.89 5.76 Slight 51.27 5.37 Slight 7.06 Slight 
NBB4 28 8.06 None 8 6.36 Slight 5.54 6.19 Slight 40.83 3.60 Moderate 6.05 Slight 
NBB5 28 8.06 None 7 5.91 Slight 6.22 5.34 Slight 51.03 5.33 Slight 6.16 Slight 
NBB 29.8 8.36 None 9.8 7.33 Slight 6.06 5.54 Slight 47.42 4.70 Moderate 6.48 Slight 
Mean 
RSR 
Pilot 31 8.89 None 13 9.00 None 5.52 7.48 Slight 73.80 8.44 None 8.45 None 





7.5 - 10 None 
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Table 5: Raw mean taxonomic richness (TR), Hilsenhof Biotic Index (HBI), Percent 
Model Affinity (PMA) and Ephemeroptera, Plecoptera and Trichoptera (EPT) values for 
primary study treatments with ten replicates (3-7 randomly drawn sections) and aggregate 
transect totals (10). Superscripts in TR and EPT represent non-significant pairwise 
comparisons following ANOVA (TR) and Kruskal-Wallis (EPT) tests at a=0.05. 
Treatment TR EPT HBI PMA 
3 28a 7a 4.05 80.4 
4 31 b 8a,b 4.03 80.9 
5 33b,c 8a,b 4.05 80.9 
6 34c,d 9b 3.99 81.4 
7 36d 9b 4.03 81.0 
10 40d lO
b 4.03 80.9 
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Sampling Location 
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Figure 1: Irondequoit Creek study location in 
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Figure 2: Mean Taxonomic Richness (TR), with 95% 
confidence intervals,  for the pilot study; 
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Figure 3: Mean number of Ephemeroptera, Plecoptera 
and Trichoptera (EPT), with 95% confidence 
intervals, for the pilot study. For treatments 
1 -9, N=6; for treatment 10, N=L 
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Figure 4: Mean Hilsenhoff Biotic Index (RBI) values, 
with 95% confidence intervals', for the pilot 
study. Treatments 1 -9 ,  N=6; for treatment 
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Figure 5 :  Mean Percent Model Affinity (PMA), 
with 95% confidence intervals, for the 
pilot study. Treatments 1 -9, N=6; for 
treatment 1 0, N= 1 .  
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Figure 6: Mean Taxonomic Richness (TR), with 95% confidence 
intervals,  for primary study data. Treatments 3-7, N= 1 O;  
for treatment 1 0, N=4. Identical scripts represent 
non-significant pairwise comparisons following ANOVA 
at alpha 0.05 . 
1 8  
1 6  -
1 4  -
ro 
� 
f-; 1 2  -
f-; 
� 









2 ! I I I I I 
3 4 5 6 7 1 0  
Number of Randomly Drawn Sections 
Figure 7: Mean number of Ephemeropter<t, Plecoptera and 
Trichoptera (EPT), with 95% confidence intervals, 
for primary study data. For treatments 3-7, N=I O; 
for treatment 10, N=4. Identical scripts represent 
non-significant pairwise comparisons following 
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Figure 8:  Mean Hilsenhoff Biotic Index (HBI), with 95% 
confidence intervals, for primary study data. 
Treatments 3-7, N= 1 O; for treatment 10, N=4. 
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Figure 9 :  Mean percent model affinity (PMA), 
with 95% confidence intervals,  for 
primary study data. Treatments J .. 7, 
N=I O; for treatment 1 0, N=4. No 
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RSR April 1 999 NBB April 1 997 
Figure 1 0: Comparison of Bailey-Billfiardt (2002) 
Taxonomic Richness (TR) (with 95% CI), 
collected in April 1 997 (NBB) to pilot 
transect TR collected in April 1999 (RSR).  
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RSR April 1 999 NBB April 1 997 
Figure 1 1 :  Comparison of Bailey-Billli'ardt (2002) 
Ephemeroptera, Plectoptera and Trichoptera 
(EPT) (with 95% CI), colletted in April 1 997 
(NBB) to pilot transect EPT, collected April 
1 999 (RSR). 
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RSR April 1 99 9  N BB April 1 997 
Figure 1 2 :  Comparison of Bailey-Billhardt (2002) Hilsenhoff 
Biotic Index (HBI) (with 95% CI), collected in April 
1 997 (NBB) to pilot transect HBI collected in April 






















RSR April 1 99 9  N B B  April 1 997 
Figure 1 3 :  Comparison of Bailey-Billhardt(2002) percent 
model affinity (PMA) (with 95% CI), collected in 
April 1 997 (NBB), to pilot transect PMA 
collected April 1 999. 
40 
8 . 5  -















t) 6 . 5  -
ro 
s � 6 .0 -
5 .5  -
Slight Impact 
RSR April 1 999 N BB April 1 997 
Figure 14: Comparison of overall impact assessments provided by Bailey-Billhardt 
(2002) and pilot transect. Bailey-Billhardt1s :(2002) assessment 
is based on 5 standard-method traveling ki<;k transects, each 
sampled for 2 min and collected in April 1 997 .  The pilot 
transect was divided into 10, 0 .5-m sections each sampled for 
30 sec, for a total of 5 min, and collected in April 1 999. 
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Appendix A: Taxonomic l ist and counts of benthic m acro inv e rtebrates co l l ected 
































Endochironomu s sp. 
Microtendipes sp. 












WQV Al A2 A3 A4 AS A6 A7 AS A9 AlO Pres Total 
0 0 
0 0 
6 0 0 
0 0 
0 0 
9 14 1 5 3 3 75 21 3 9  19  21 1 201 
0 0 
0 0 
1 0  0 0 
7 1 1 1 
0 0 
0 0 
7 0 0 
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Parametriocnemu s sp. 







































WQV Al A2 A3 A4 AS A6 A7 AS A9 AlO Pres Total Proportion 
4 2 1 2 0.002 
0 0 0.000 
5 0 0 0.000 
5 70 1 4 2 4 2 7 27 49 1 1 66 0. 1 78 
6 0 0 0.000 
4 0 0 0.000 
4 0 0 0.000 
4 0 0 0. 000 
5 0 0 0.000 
3 0 0 0.000 
0 0 0.000 
8 1 1 1 2 0. 002 
9 1 1 1 0.001 
0 0 0.000 
5 1 1 3 1 2 1 8 0.009 
1 0 0 0.000 
2 0 0 0.000 
2 0 0 0. 000 
6 3 3 1 1 2 3 9 1 28 0.030 
0 0 0.000 
0 0 0.000 
5 8 1 8 0.009 
2 2 1 2 0.002 
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5 0 0 0.000 
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0 0 0. 000 
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5 6 1 6 0.006 
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Stenelmis sp. ( Juv) 
Stenelmis sp. (Adult) 
Optioservus sp. ( Juv) 
Optioservus sp. (Adult) 
Dubiraphia sp. ( Juv) 

























WQV Al A2 A3 A4 AS A6 A7 AS A9 AlO Pres Total Proportion 
0 0 0. 000 
3 1 1 1 0 .001 
0 0 0. 000 
1 0 0 0. 000 
0 0 0.000 
4 0 0 0.000 
0 0 0 .000 
4 0 0 0.000 
0 0 0 0 .000 
0 0 0.000 
2 0 0 0 .000 
0 0 0.000 
8 0 0 0. 000 
5 0 0 0.000 
0 0 0. 000 
1 0 0 0.000 
0 0 0. 000 
0 0 0.000 
5 0 0 0.000 
5 1 3 6 3 4 5 1 22 0. 024 
4 0 0 0. 000 
4 5 4 3 3 4 1 3 1 23 0. 025 
6 0 0 0.000 
6 0 0 0.000 
5 0 0 0.000 
5 0 0 0.000 
0 0 0.000 
0 0 0.000 
6 3 3 1 1 25 1 33 0.035 
4 0 0 0.000 
2 4 1 1 5 0.005 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
2 10 3 1 1 1 4  0.0 1 5 
1 6 8 1 1  15  48 1 88 0.095 
2 14 1 1 4  0.0 1 5  
0 0 0.000 
3 1 "' 1 1 0.001 
. . .  
4 0 0 ·  0.000 
0 " 0 0.000 
• '  0 1 1  20 1 1  3 5  1 77 0.083 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
8 0 0 0.000 


















WQV Al A2 A3 A4 AS A6 A7 AS A9 AlO Pres Total Proportion 
0 0 0 .000 
6 2 1 2 0. 002 
0 0 0 .000 
0 0 0 . 000 
0 0 0 .000 
8 0 0 0 . 000 
6 2 1 2 0 . 002 
0 0 0 .000 
6 1 1 1 0 .001  
0 0 0 . 000 
0 0 0 .000 
6 1 1 1 0 .001  
0 0 0 . 000 
8 0 0 0 .000 
153 32 53 38 63 95 76 47 1 16 258 40 93 1 1 .000 
45 
Appendix B :  Taxonomic l ist and counts of benthic m acro i nv e rtebrates co l l ected along 
transect B col l ected May 7,  2000. Chironomid va lus are esti m ated actual numbers b ased on 














































WQV Bl B2 B3 B4 B5 B6 B7 BS B9 BIO Pres Total 
0 0 
0 0 
6 0 0 
0 0 
0 0 
9 1 8  3 5 12 9 8 24 30 7 10  1 1 26 
0 0 
0 0 
1 0  0 0 
7 0 0 
0 0 
0 0 
7 0 0 





8 2 1 2 1 3 2 4 1 1 3 1 20 
0 0 
0 0 
6 3 2 5 6 1 1  14 15 8 14 3 1 8 1  
0 0 






10  2 2 1 4 
10  0 0 
4.5 6 15  8 9 1 1  4 2 1 6 1 62 
10 0 0 
6 0 0 
7 0 0 
6 
. 0 0 
7 ·· . 0 0 
� 0 0 
5 0 0 
4 0 0 
7 1 1 1  1 1 2  
6 0 0 
3 0 0 
































































































WQV Bl B2 B3 B4 BS B6 B7 BS B9 BlO Pres Total Proportion 
4 0 0 0.000 
0 0 0.000 
5 0 0 0.000 
5 43 4 1  40 48 57 72 42 30 36 16 1 425 0. 1 64 
6 4 2 6 12 14 9 2 1 49 0.01 9 
4 1 1 1 0.000 
4 1 1 1 0.000 
4 1 3 4 1 8 0.003 
5 8 3 1 3 4 2 2 3 3 7 1 36 0.01 4 
3 0 0 0.000 
0 0 0.000 
8 0 0 0.000 
9 0 0 0.000 
0 0 0.000 
5 4 5 1 5 2 1 1 7  0.007 
1 0 0 0.000 
2 0 0 0.000 
2 1 1 1 0.000 
1 2. 1 1 1 1 1 7 0.003 
24 40 83 40 55 8 1  40 18 20 19 1 420 0 . 1 62 
0 0 0.000 
5 4 1 1 1 2 1 1 1 1 1 2  0.005 
2 1 5 1 6 0.002 
0 0 0.000 
5 0 0 0.000 
0 0 0.000 
6 0 0 0.000 
6 1 1 1 2 0.001 
6 0 0 0.000 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
7 0 0 0.000 
7 0 0 0.000 
7 0 0 0.000 
0 0 0.000 
3 1 5 4 3 5 4 5 6 1 33 0.0 1 3  
4 2 1 2 0.001 
4 1 1 1 0.000 
,., 
0 0 0.000 
0 0 0.000 
2 1 ·" 1 1 0.000 
2 0 0 0.000 
0 0 0.000 
0 0 0 0.000 
5 10  14 30 3 1  3 1  22 7 2 1 0  9 1 1 66 0.064 
4 . 13 3 8  5 6  94 1 64 1 7 1  1 13 42 53 29 1 773 0.298 





















Stenelmis sp. ( Juv) 
Stenelmis sp. (Adult) 
Optioservus sp. ( Juv) 
Optioservus sp. (Adult) 
Dubiraphia sp. ( Juv) 

























WQV Bl B2 B3 B4 BS B6 B7 BS B9 BlO Pres Total Proportion 
0 0 0.000 
3 0 0 0.000 
0 0 0.000 
1 3 1 3 0.00 1 
0 0 0.000 
4 1 1 1 2 0.001 
0 0 0.000 
4 0 0 0.000 
0 1 1 1 2 0.001 
0 0 0.000 
2 1 1 1 0.000 
0 0 0.000 
8 1 1 1 0.000 
5 0 0 0.000 
0 0 0.000 
1 1 1 1 2 0.001 
0 0 0.000 
0 0 0.000 
5 8 5 7 1 20 0.008 
5 2 2 3 1 7 0.003 
4 9 6 6 3 1 0  4 1 38 0.0 1 5  
4 1 1  7 9 5 7 3 5 4 1 5 1  0.020 
6 0 0 0.000 
6 0 0 0.000 
5 0 0 0.000 
5 0 0 0.000 
0 0 0.000 
0 0 0.000 
6 1 5 7 4 1 4 1 1 23 0.009 
4 8 5 4 1 1 7  0.007 
2 7 1 9  1 8  1 44 0.0 1 7  
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
2 1 1 1 0.000 
1 13 4 14 1 1  23 27 1 0  1 1 02 0.039 
2 0 0 0.000 
0 0 0.000 
3 , ,, 0 0 0.000 
4 1 2  � 1 1 2  0.005 
" 0 0 0.000 
0 0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
8 0 0 0.000 


















WQV Bl B2 B3 B4 BS B6 B7 BS B9 BIO Pres Total Proportion 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
8 0 0 0.000 
6 1 1 1 0.000 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
8 0 0 0.000 
"1 83 1 82 280 326 436 449 29 1 1 50 1 76 1 20 42 2593 1 .000 
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Appendix C: Taxonomic l ist and counts of benthic m acro i nv ertebrates co l l ected a long 
transect C co l lected May 7, 2000. Chi ronomid v a l us are est i mated actual numbers based o n  a 














































WQV Cl C2 C3 C4 CS C6 C7 CS C9 ClO Pres Total 
0 0 
0 0 
6 0 0 
0 0 
0 0 
9 21 17 13  5 1 1  1 2  8 40 14 23 1 1 64 
0 0 
0 0 
1 0  0 0 
7 0 0 
0 0 
0 0 
7 0 0 





8 4 2 2 1 2 7 4 1 22 
0 0 
0 0 
6 3 4 1 2 6 24 12 12 13 19 1 96 
0 0 






1 0  1 1 1 4 20 3 1 29.89 
10  1 1 1 
4.5 1 1  12 9 9 27 27 12 73 40 1 7  1 237 
1 0  0 0 
6 3 1 3 
7 3 9 1 1 3  
"<'• . 
6 13  1 1 3  
7 1 1 1 
: 0 0 .? 
5 0 0 
4 0 0 
7 1 1 2 1 4 
6 7 3 1 1 0  
3 0 0 
































































































WQV Cl C2 C3 C4 CS C6 C7 CS C9 ClO Pres Total Proportion 
4 0 0 0.000 
0 0 0 .000 
5 0 0 0 .000 
5 17 1 6  5 7 6 1  1 3 5  48 1 66 209 1 8 1  1 844 0.296 
6 13  3 2 1 1 9  0. 007 
4 0 0 0.000 
4 0 0 0.000 
4 0 0 0.000 
5 7 20 2 1 0  25 24 1 87 0 . 030 
3 0 0 0. 000 
0 0 0.000 
8 3 1 3 0.001 
9 0 0 0 . 000 
0 0 0 .000 
5 1 1 3 1 6 1 7  12 1 2  1 53 0.0 1 8  
1 0 0 0.000 
2 0 0 0.000 
2 0 0 0 .000 
1 7 1 8 0 . 003 
12 8 9 7 37 63 26 1 4 1  148 1 14 1 565 0. 1 98 
0 0 0 . 000 
5 3 1 2 1 3 3 7 1 20 0.007 
2 1 1 1 0 .000 
0 0 0.000 
5 1 1 1 1 2 1 1 7 0 .002 
0 0 0.000 
6 0 0 0.000 
6 0 0 0.000 
6 1 1 1 0 .000 
0 0 0 . 000 
6 0 0 0.000 
0 0 0 . 000 
7 0 0 0 . 000 
7 0 0 0.000 
7 0 0 0.000 
0 0 0.000 
3 2 1 2 2 l 1 4 2 4 1 1 9  0.007 
4 0 0 0 .000 
4 0 0 0.000 . 
� 0 0 0.000 . 
0 0 0.000 . .  
2 0 0 0.000 
2 0 0 0.000 
0 0 0.000 
0 0 0 0.000 
5 1 3 2 3 9 7 1 1  14 22 1 72 0 . 025 
4 20 8 2 1 4 34 28 4 8  5 5  5 6  1 256 0. 090 
3 0 0 0.000 




















Stenelmis sp. ( Juv) 
Stenelmis sp. (Adult) 
Optioservus sp. ( Juv) 
Optioservus sp. (Adult) 
Dubiraphia sp. ( Juv) 

























WQV Cl C2 C3 C4 CS C6 C7 CS C9 ClO Pres Total Proportion 
0 0 0. 000 
3 0 0 0.000 
0 0 0.000 
1 0 0 0 .000 
0 0 0. 000 
4 1 1 1 2 0.001 
0 0 0.000 
4 0 0 0 .000 
0 0 0 0. 000 
0 0 0.000 
2 0 0 0.000 
0 0 0.000 
8 0 0 0. 000 
5 0 0 0.000 
0 0 0.000 
1 0 0 0.000 
0 0 0. 000 
0 0 0.000 
5 1 1 1 0.000 
5 1 1 1 0.000 
4 4 1 5 8 4 3 1 25 0. 009 
4 2 1 4 1 1 1  1 8  4 1 4 1  0.0 1 4 
6 0 0 0.000 
6 0 0 0. 000 
5 0 0 0. 000 
5 0 0 0.000 
0 0 0.000 
0 0 0.000 
6 4 4 6 3 3 5 5 13  14  1 57 0.020 
4 0 0 0.000 
2 0 0 0.000 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
2 0 0 0.000 
1 3 3 1 3 1 7  16  27 50 47 1 1 67 0.059 
2 0 0 0. 000 
0 0 0.000 
3 0 0 0.000 
4 '•'· 0 0 0.000 
0 0 0. 000 
' 
0 0 0 0.000 " 
0 0 0. 000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
8 2 1 2 0.001 






Laevapex fuse us 
F. Planorbidae 
Gyraulus sp. 









WQV Cl C2 C3 C4 CS C6 C7 CS C9 ClO Pres Total Proportion 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0. 000 
8 0 0 0.000 
6 0 0 0.000 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
8 0 0 0.000 
1 02 88 42 51 1 77 372 1 69 643 65 1 553 35 2848 1 .000 
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Appendix D: Taxonomic l ist and counts of benthic m acro i nv ertebrates co l l ected a long 
transect D col l ected May 1 4, 2000. Chironomid va lus are esti m ated actual numbers b ased on 
a 1 00 organ ism subsamp l e  by sectio n .  Water q ual ity val ues (WQV) are i ncluded .  






























Chironomu s sp. 
Endochironomu s sp. 
Microtendipes sp. 























4 .5  











40 20 8 0 33 
6 1 2  1 9 5 
24 26 14 1 2  7 
2 3 1 
0 1 .5 
29 42 23 .63 1 3  1 3  
1 .5 1 .39 
3 
1 .5 1 .39 2 
1 .5 2.78 1 
54 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
3 2  1 4  23 37 53 1 260 0.055 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
4 1 8 8 2 1 56 0.0 1 2  
0 0 0.000 
0 0 0.000 
1 6  22 1 3  3 1  1 8  1 1 83 0.039 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
1 6 0.00 1  
1 2 0.000 
14 25 14 15 1 6  1 204 0.043 
0 0 0.000 
2 1 4 0.00 1  
1 3 0.00 1  
,;,,, 3 1 3 0.00 1  
0 0 0.000 
7 '  0 0 0.000 
0 0 0.000 
0 0 0.000 
1 5 3 2 3 1 1 9  0.004 
4 4 6 5 0 1 24 0.005 
0 0 0.000 


















































WQV Dl D2 
4 
5 













101  75  
















5 10  8 













D4 DS D6 D7 D8 D9 DlO Pres Total Proportion 
0 0 0.000 
0 0 0.000 
2 2 1 4 0.00 1 
60 56  41  96  1 05 175 1 89 1 994 0.21 2 
1 1 4 9 5 1 9  2 1  1 64 0.0 1 4  
0 0 0.000 
0 0 0.000 
0 0 0.000 
7 6 2 1 2  1 2  10  21  1 94 0.020 
2 1 1 3 0.00 1  
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
2 5 8 23 5 7 5 1 9 1  0.0 1 9  
2 1 4 2 5 3 1 1 6  0.003 
0 0 0.000 
0 0 0.000 
1 2 1 3 0.00 1  
48  54  56 60 47 104 60 1 666 0. 1 42 
0 0 0.000 
7 2 6 7 7 5 1 44 0.009 
3 1 3 0.00 1  
0 0 0.000 
0 0 0.000 
0 0 0.000 
1 1 0.000 
0 0 0.000 
1 1 1 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
6 5 2 7 7 5 1 33 0.007 
0 0 0.000 
0 0 0.000 .. 
. .  0 0 0.000 
0 0 0.000 .. 
: 
0 0 0.000 
1 1 5 0.00 1  
0 0 0.000 
0 0 0.000 
13  28 45 42 43 69 54 1 3 1 8  0.068 
3 8  120 1 07 1 1 5 120 247 176 1 1 037 0.22 1  




















Stenelmis sp. ( Juv) 
Stenelmis sp. (Adult) 
Optioservus sp. ( Juv) 
Optioservus sp. (Adult) 
Dubiraphia sp. ( Juv) 



















P. Mollu sca 
C. Gastropoda 
















4 4 6 






















D4 D5 D6 D7 D8 D9 DlO Pres Total Proportion 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
1 1 2 0. 000 
0 0 0.000 
0 0 0.000 
1 1 2 0.000 
0 0 0. 000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
2 1 2 0.000 
1 1 2 0.000 
5 4 4 6 5 6 1 1  1 53 0.01 1 
5 1 1  6 7 20 21 13  1 99 0.021 
0 0 0.000 
1 1 1 2 0.000 
0 0 0.000 
1 1 1 0.000 
0 0 0.000 
0 0 0.000 
9 5 22 3 9 21 13 1 1 1 1  0.024 
1 3 0.001 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
1 6  3 0  3 4  3 8  3 6  40 35 1 278 0.059 
0 0 0.000 
0 0 0.000 
0 0 0.000 
.,,. 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 

























D3 D4 D5 D6 D7 DS D9 DlO Pres Total Proportion 
0 0 0.000 
0 0 0. 000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0. 000 
0 0 0. 000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0 .000 
0 0 0.000 
0 0 0. 000 
0 0 0 .000 
277 25 1 388 409 50 1 494 844 705 39 4696 1 .000 
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Appendix E :  Taxono m ic l ist and counts of benthic macro i nv ertebrates co l l ected along 
transect E col l ected M ay 1 4 , 2000. Ch i ronomid va lus are est imated actual numbers based on 














































WQV El E2 E3 E4 ES E6 E7 E8 E9 ElO Pres Total 
0 0 
0 0 
6 0 0 
0 0 
0 0 
9 7 0 21 12  0 0 14 4 0 0 1 58 
0 0 
0 0 
1 0  0 0 
7 0 0 
0 0 
0 0 
7 0 0 





8 5 4 5 1 3  2 1  6 6 8 14 1 3  1 95 
0 0 
0 0 
6 33 36  32 23 46 1 0  2 1  1 6  1 8  3 6  1 27 1 
0 0 






10 3 4 2 1 9 
10 3 3 1 6 
4.5 63 35 50 28 21 26 3 1  34 16 27 1 33 1 
1 0  0 0 
6 3 4 2 1 8 
7 0 0 
6 ',' 0 0 
7 0 0 
' 0 0 
5 0 0 
4 0 0 
7 3 6 6 1 1 6  
6 6 3 2 2 1 1  6 1 30 
3 0 0 












































0 . 005 








Heterotrissocladiu s sp. 
Paracricotopu s 
Parakiefferiella 








































WQV El E2 E3 E4 ES E6 E7 ES E9 ElO Pres Total Proportion 
4 0 0 0.000 
0 0 0.000 
5 2 1 2 0 .000 
5 4 1 8  237 122 1 84 140 1 1 6 129 1 23 107 1 3 9  i 1 7 1 4  0.269 
6 6 3 10  4 9 6 1 1  8 8 1 64 0 .0 1 0  
4 0 0 0. 000 
4 0 0 0.000 
4 0 0 0.000 
5 1 6  8 12 10 12 9 5 8 1 79 0.0 1 2  
3 86 1 86 0.0 1 3  
0 0 0. 000 
8 0 0 0.000 
9 0 0 0.000 
0 0 0 .000 
5 9 4 20 6 3 6 2 2 1 53 0.008 
1 3 4 8 4 3 10  8 8 4 1 5 1  0 . 008 
2 0 0 0 .000 
2 0 0 0. 000 
0 0 0.000 
82 53 6 1  73 66 4 1  15 33 24 1 8  1 466 0. 073 
0 0 0.000 
5 6 1 2 9 7 2 6 1 2  2 8 1 55 0. 009 
2 2 1 2 0.000 
0 0 0 .000 
5 1 1 1 2 0 .000 
0 0 0.000 
6 1 1 1 2 0 .000 
6 1 1 1 0. 000 
6 1 1 1 2 0.000 
0 0 0 .000 
6 0 0 0. 000 
0 0 0.000 
7 0 0 0.000 
7 0 0 0.000 
7 0 0 0.000 
0 0 0 . 000 
3 6 9 5 9 1 2  0 13  1 9  20 1 93 0.0 1 5  
4 0 0 0.000 
4 0 0 0.000 
'" 
0 0 0.000 
0 0 0.000 
2 : .•. 0 0 0.000 " 
2 1 1 1 1 3 0.000 
0 0 0.000 
0 0 0 0. 000 
5 4 9 4 21  20 1 1  30 6 1  35 66 1 26 1 0.041 
4 28 38  61  130 103 68 202 407 339 4 1 5  1 1 79 1  0.282 





















Stenelmis sp. ( Juv) 
Stenelmis sp. (Adult) 
Optioservus sp. ( Juv) 
Optioservus sp. (Adult) 
Dubiraphia sp. ( Juv) 



















P. Mollu sca 
C. Gastropoda 




WQV El E2 E3 E4 ES E6 E7 ES E9 ElO Pres Total Proportion 
0 0 0.000 
3 0 0 0.000 
0 0 0. 000 
1 0 0 0.000 
0 0 0.000 
4 0 0 0.000 
0 0 0.000 
4 0 0 0.000 
0 1 1 1 2 0.000 
0 0 0.000 
2 5 1 5 0. 00 1 
0 0 0.000 
8 0 0 0.000 
5 1 1 1 2 0.000 
0 0 0.000 
1 0 0 0.000 
0 0 0.000 
0 0 0.000 
5 1 1 1 0.000 
5 1 1 1 0.000 
4 27 1 1  3 1 0  5 4 9 1 3  8 6 1 96 0. 0 1 5  
4 3 1 0  3 1 1  9 7 15  3 5  43 34 1 1 70 0.027 
6 2 1 2 0.000 
6 1 1 1 0.000 
5 0 0 0.000 
5 0 0 0.000 
0 0 0.000 
0 0 0.000 
6 14 1 9  8 25 10  6 21 4 1  1 5  56 1 2 1 5  0.034 
4 5 2 5 1 1 2  0.002 
2 0 0 0.000 
0 0 0.000 
6 0 0 0. 000 
0 0 0.000 
2 0 0 0.000 
1 25 1 6  1 4  3 5  43 3 6  3 9  3 0  21 40 1 299 0.047 
2 0 0 0.000 
0 0 0.000 
3 0 0 0.000 
'" 
4 0 0 0.000 
0 0 0. 000 
0 " 0 0 0.000 
0 0 0.000 
0 0 0. 000 
0 0 0.000 
0 0 0.000 
8 0 0 0.000 


















WQV El E2 E3 E4 ES E6 E7 ES E9 ElO Pres Total Proportion 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
0 0 0.000 
0 0 0.000 
8 0 0 0.000 
6 0 0 0.000 
0 0 0.000 
6 0 0 0.000 
0 0 0.000 
0 0 0.000 
6 1 1 1 0.000 
0 0 0.000 
8 0 0 0.000 
8 1 4  52 1 420 625 534 378 573 873 701 922 42 636 1 1 . 000 
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Appendix F:  Formulae for conversion of raw index values to New York State DEC 0- 10  assessment scale. Formulae were 
obtained by Bailey-Billhardt (2002) from R. Bode, New York State DEC, Stream Biomonitoring Unit, Albany, NY. 
TR EPT 
Raw Assessment Score Conversion Formula ,  Raw Assessment Score Conversion Formula 
>35 Replace TR with 1 0  > 1 5  Replace EPT with 10 
>26 Replace TR with (((TR- > 1 0  Replace EPT with ( ( (EPT -26)/9) *2.5)+ 7 .5 1 0)/5) *2.5)+ 7 .5 
> 1 8  Replace TR with (((TR- >5 Replace EPT with (((EPT-5)/5.5)*2.5)+5 1 8)/8 .5) *2.5)+5 
> 1 0  
Replace T R  with (((TR-
> l  Replace EPT with (((EPT-1 0)/8 .5) *2 .5)+2.5 1 )/4.5) *2.5)+2.5 
< 1 1 Replace TR with ((TR-5)/5 .5)*2.5 = l  Replace EPT with 1 .25 
<5 Replace TR with 0 =0 Replace EPT with 0 
HBI PMA 
Raw Assessment Score Conversion Formula Raw Assessment Score Conversion Formula 
<2 Replace HBI with 1 0  >90 Replace PMA with 1 0  
>64 Replace PMA with (((PMA-
<4.5 1 Replace HBI with 1 0-(HBI-2) 64 )/26) *2.5)+ 7 .5 
>49 Replace PMA with (((PMA-
<6.5 1 Replace HBI with 7 .5-(((HBI-
49)/ 1 5 .5)*2.5)+5 
4.5)/2) *2.5) >34 Replace PMA with (((PMA-
Replace HBI with 5-(((HBI- 34)/ 1 5 .5)*2.5)+2.5 <8.5 1 
6.5)/2) *2.5) <35 Replace PMA with ((PMA-
Replace HBI with 2.5-(((HBI- 20)/ 14.5)*2.5 >8.50 
8 .5)/1 .5)*2.5) <20 Replace PMA with 0 
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